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plants to churn out large quantities of
"plantibodies." After undergoing some
genetic engineering, plant cells easily assem-
ble monoclonal antibodies. Plants are
expected to be able to make unlimited
quantities of plantibodies at prices that will
be 25-100 times less expensive than cell fer-
mentation methods.
The current standard cell fermentation
methods can produce just 5-10 kg of a
monoclonal antibody in a year. In compari-
son, EPIcyte plans to produce 10,000 kg of
key plantibodies per year. The current high
cost ofmonoclonal antibodies, which ranges
from $200 to $1,000 per gram, is predicted
to fall to $10-100 per gram or less as plants
produce tons ofplantibodies.
A large, cheap supply means that new
medical, consumer, and industrial applica-
tions for monoclonal antibodies could
become economically feasible. For instance,
plantibodies could target toxicants or pollu-
tants in large-scale water purification sys-
tems, theorizes biochemist Andrew Hiatt, a
developer of plantibodies who cofounded
EPlcyte in 1996 along with plant physiolo-
gist Mich Hein. Plantibodies that sequester
heavy metals or radioactive compounds
could become tools for bioremediation.
The first plantibodies were produced in
tobacco plants, but to meet commercial
demands, EPIcyte is developing corn that
produces monoclonal antibodies. Corn is
the most widely grown crop worldwide, and
its seed (kernel) naturally stores plantibodies
in a low-moisture environment that is
loaded with protective protease inhibitors.
Stored plantibodies can be purified as need-
ed by standard milling procedures. The
high-molecular-weight (300,000-400,000
daltons) plantibodies easily separate from
the low-molecular-weight (< 50,000 dal-
tons) corn proteins when solubilized.
The first clinical evidence ofplantibod-
ies' effectiveness appeared at Guy's Hospital
in London. A plantibody against
Streptococcus mutans, which produces lactic
acid and erodes tooth enamel, was produced
in tobacco plants. When brushed onto
human teeth for three weeks, the plantibody
prcvented tooth decay for up to four
months, as described in the May 1998 issue
ofNature Medicine. The plantibody "specif-
ically inhibits Streptococcus from binding to
tooth surfaces," says Hiatt.
EPIcyte holds exclusive license for plan-
tibody technology from The Scripps
Research Institute in LaJolla, California. In
alliance with ReProtect of Baltimore,
Maryland, EPIcyte is developing preclinical
topical gels that contain plantibodies for
herpesvirus types 1 and 2. In a study pub-
lished in the December 1998 issue of
Nature Biotechnology, scientists at ReProtect
applied an experimental plantibody to the
vaginas of mice, which prevented infection
with genital herpes. EPIcyte and ReProtect
scientists are planning a joint project to
make a more potent herpes plantibody to
protect newborn babies against transmission
of herpes from infected mothers during
delivery.
"The greatest potential for monoclonal
antibodies lies in prevention," says Kevin
Whaley, a reproductive biologist at The
Johns Hopkins University in Baltimore
who also works for ReProtect. From a pub-
lic health perspective, plantibodies are ide-
ally suited for preventing sexually transmit-
ted diseases as over-the-counter products.
More than 5 million people in the United
States are infected with sexually transmitted
diseases annually at an estimated cost of
$12 billion in medical treatment. Whaley
says, "[Monoclonal] antibodies are so
potent and so specific, they can be used in
novel ways," such as personal lubricants,
gels, or controlled-release devices for vagi-
nal insertion. To accommodate personal
preferences, several different user-friendly
formulations for plantibodies will be devel-
oped, says Whaley.
All Ears: Potential Help for
Noise-induced Hearing Loss
Two separate teams recently published find-
ings that may help prevent or reduce noise-
induced hearing loss, the most common
form of hearing loss. According to the
American Academy of Otolaryngology, an
estimated 16-24 million people in the
United States have some amount ofhearing
loss due to sensory hair cell loss. Hair-cell
loss can be caused by overexposure to loud
noise, ototoxic drugs (including some antibi-
otics and anticancer drugs), disease, genetic
factors, and simple aging. Experts generally
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agree that continuous noise levels over 80
decibels, or about the loudness ofa busy city
street, can be hazardous to hearing.
The cochlea, a bony, coiled, fluid-filled
structure of the inner ear, is lined with an
epithelial layercaHed the organ ofCorti. This
organ is lined with microscopic hair cells that
translate sound waves into nerve impulses
that are sent to the brain. Loud noises can
overstimulate andsubsequendy kill these hair
cells. Once the hair cells are damaged, the ear
can no longer transmit sound to the brain.
Although birds can regenerate damaged hair
cells, humans cannot; lost hair cells mean
permanent hearingloss.
Richard J. Salvi, a professor ofcommu-
nicative disorders and sciences at the
University ofBuffalo in NewYork, and col-
leagues Alfred Stracher and Abraham
Shulman, both of the State University of
New York Health Science Center in
Brooklyn, have discovered that a compound
called leupeptin may protect against noise-
induced hearing loss by preventing the loss
ofhair cells. The study was published in the
17 March 1999 issue ofNeuroReport.
The scientists infused the right cochleae
of several chinchillas with leupeptin for 14
days, while the left cochleae were left
untreated as a control. The chinchillas were
exposed to noise at either 100 or 105 deci-
bels for 48 hours. The scientists found that
the untreated cochleae lost massive amounts
of hair, ranging from nearly 100% in the
basal portion to about 15% in the upper-
most portions. Conversely, the treated
cochleae retained all but a few hairs.
Overall, leupeptin reduced the loss ofouter
hair cells-the cells that are first damaged
by noise-by an average of60%.
The studywas based on the premise that
exposure to loud noises causes an increased
production of calcium in nerve cells. This
starts a chain ofevents that eventually leads
to nerve degeneration. Leupeptin is one ofa
family ofpeptides that have been shown to
short-circuit this chain of events. It is not
clear, however, exactly how leupeptin works
to protect the hair cells.
In a companion study, the scientists
found that leupeptin didn't protect against
the ototoxic effects of the anticancer drug
carboplatin, possibly due to the mechanism
by which carboplatin causes hearing dam-
age. But Salvi is not discouraged; on the
contrary, he believes leupeptin or a similar
compound may yet be useful against the
effects of ototoxic drugs. "We hope com-
pounds like this will have some therapeutic
value, perhaps provide protection against
carboplatin or cisplatin [another anticancer
drug]" he says, adding that such com-
pounds could be used in tandem with oto-
toxic drugs.
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Meanwhile, a team of scientists from
Tiibingen, Germany, Seattle, Washington,
and Keele, United Kingdom, are looking at
why mammals alone among vertebrate ani-
mals are unable to regenerate damaged sen-
sory hair cells. In a study published in the
30 March 1999 issue of Proceedings ofthe
National Academy ofSciences, the team
"demonstrates for the first time a molecular
mechanism explaining why mammals turn
off cell division in the sensory hearing
organ," says Hubert Lowenheim, a professor
in the Hearing Research Center at the
University ofTubingen.
Earlier studies by collaborator Edwin
Rubel, a professor ofotolaryngology at the
Virginia Merrill Bloedel Hearing Research
Center of the University of Washington,
and colleagues showed that hair cell regen-
eration in birds actually occurs as a two-
fold process. First, so-called support cells,
which surround the actual hair cells, must
reinitiate the process ofcell division, which
in most animals normally occurs only dur-
ing embryogenesis. In the second part of
the process, these newly produced cells can
then become either new support cells or
new hair cells. In mammals, the ability of
support cells to proliferate shuts down once
the original sensory hair cells are established
during fetal development. Rubel says scien-
tists aren't sure why mammals are unable to
replace damaged sensory hair cells.
"Mammals hear at a much higher frequen-
cy than any other vertebrate. Limiting cell
division may be a protective mechanism to
keep the hearing system tuned to high fre-
quencies," he says.
The team found that the kinase
inhibitor p27KiPl is expressed in the sup-
porting cells of the mammalian or an of
Corti. In other types of cells, p27KIP land
other kinase inhibitors have been shown to
prevent cell division. The scientists used a
knock-out mouse model that lacked the
gene for p27K'P'. Both normal mice and the
p27KiPl-deficient mice were injected with
an agent that marks cells that are undergo-
ing DNA synthesis (as during the process of
cell division). In the normal mice, no sup-
porting cell activity was observed, but in the
p27K"P1-deficient mice, there was evidence
that the supporting cells were dividing and
developing in postnatal animals, indicating
that hair cell regeneration may be achievable
in postembryonic mammals.
Both teams are currently planning addi-
tional studies to more clearly elucidate the
mechanisms involved in hair cell loss and
regeneration. For now, these studies provide
intriguing clues as to how otologists might
someday treat or prevent noise-induced
hearing loss.
SemiconductorSafety
T he seeds of the digital world are microchips-little wafers of semiconducting silicon that
can do the work of hundreds of thousands of transistors. Microchips have become ubiq-
uitous through society's demand fordevices such as portable phones, fax machines, and
computers, and have given rise to the Internet. With the growth of digital technology,
though, has come concern over the environmental and health repercussions of the ever-
expanding microchip industry. Gases used in the microchip manufacturing process are some
of the most potent greenhouse gases known, and workers are faced with potential occupa-
tional hazards ranging from high-powered lasers to toxic chemicals.
Microchips are not just causing these problems, however; they are also being used to
solve them. Microchip technology in the form of the Internet is being used by groups seek-
ing ways to make the high-technology industry safer and cleaner. The result is Web sites
like that of the Semiconductor Safety Association (SSA), located at http://www.semicon-
ductorsafety.org/. This site provides updates on the activities of the SSA, one of the largest
groups dedicated to improving the environmental health and safety of the microelectronics
industry, and gives visitors instant access to some of the latest innovations and develop-
ments in the field.
Environment, health, and safety professionals who access the SSA site may want to start
their visit byfollowingthe SSA Journal link on the home page. This peer-reviewed journal fea-
tures research and review articles on subjects such as the latest air monitoring techniques for
microchip facilities and the risks associated with using chlorine trifluoride for cleaning man-
ufacturing tools. A search engine is provided that
returns citations and abstracts for the journal arti-
cles. Information on subscribing to the print ver-
sion of the journal and on submitting articles is
also available on this portion ofthe SSA site.
The site is also a good place to find informa-
tion on upcoming events related to the SSA's mis-
sion of mitigating the health and environmental
impact of the semiconductor industry. Information on SSA conferences hosted by industry
groups such as the American Society of Safety Engineers, the American Industrial Hygiene
Association, and SEMATECH International are available by following the Upcoming Events link
on the home page. The links from this pageallow prospective presenters to download calls for
papers and to submit abstracts viathe Internet.
Similarly, following the SSA 2000 Washington DC Information link will take users to an
update on the society's annual International Safety, Industrial Hygiene, Occupational Health,
and Environmental Conference. This conference, which is held each spring, features research
presentations, courses on recognizing and eliminating hazards, and newproduct exhibitions.
Besides serving the workers already in the field, the society also works to attract new
environment, health, and safety professionals. The Scholarship Programs link on the SSA
home page takes users to adescription ofthe opportunities the SSAmakes available to gradu-
ate students aswell as an application form forthe program.
The SSA, which was founded in 1978, has well over i,ooo members in 15 local chapters
across the United States. These chapters help SSA members keep in regular contact with one
another by hosting quarterly meetings and seminars. The SSA Web site also facilitates com-
munication by providing updates on the activities of the chapters and e-mail links to con-
tacts within each. This information can be found by following the Regions/Chapters link on
the SSA home page.
In 1983, the SSA branched out to Europe. The SSA Europe link takes visitors to the
European group's home page. In October this group will hold its 16th annual conference on
the health and environmental issues of the industry near Paris. A description of that confer-
ence, directions, and e-mail contacts can be found via the Conferences link on the SSA Europe
home page. Adescription of the 1998 conference is also provided on the European site, as well
as a list ofpublications that can be ordered from SSA Europe.
Both the SSA site and the SSA Europe site provide links to the Web sites of the many regu-
latory agencies, institutions, and companies involved in semiconductor manufacturing and
research. These links can be found under the Sites of Interest link on the SSA Europe page and
underthe Related Sites and Exhibitor Program links onthe U.S. division's page.
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